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Abstract Based on near-infrared autofluorescence, a rapid identification system for parathyroid glands during surgery is
designed, the system is of great value for rapid identification of parathyroid glands during operation. In this research, a ring-
shaped adjustable excitation light source and a high-precision adjustable LED constant current source are designed. The near-
infrared light source is used to excite tissue fluorescence, and the tissue autofluorescence information is collected by a high-
sensitivity CMOS camera. The obtained fluorescence images are processed, accurately identifying parathyroid glands.
Simulating tissue fluorescence through gradient concentration of indocyanine green (ICG) solution, the experimentally measured
fluorescence intensity is positively correlated with the concentration of ICG, and both the signal-to-noise ratio and signal-to-
background ratio meet the requirements for intraoperative discrimination, which verifie the sensitivity and accuracy of the
proposed system for different fluorescence intensities. Using this system to test tissue phantoms, the fluorescent phantom can
be clearly distinguished from the background. The parathyroid gland and surrounding tissues were tested, and the parathyroid
gland is green and clearly distinguished from the surrounding tissues, which preliminarily verifies that the proposed system can
be used for the identification and detection of parathyroid glands.

Key words parathyroid; near-infrared autofluorescence imaging; ICG; phantom; image enhancement

Wi HE. 2022-01-02; f&EHEH. 2022-01-07; FHAHEHE. 2022-01-11; MEHEZBH. 2022-01-22
HE&WB. 2R EKLI(202103a07020008) | FE AL 2 B A ALY 5B 24057 B e 1 3 42 (YZJJZX202009)

BIE1EE . dongmeili@aiofm. ac. cn; “wyk@aiofm. ac. cn

0617003-1


https://dx.doi.org/10.3788/LOP220474
mailto:E-mail:dongmeili@aiofm.ac.cn
mailto:E-mail:wyk@aiofm.ac.cn
mailto:E-mail:wyk@aiofm.ac.cn

1 5 5

T AT R A A2 BRI L P HE R R 08 19 RS R A B A
Fh i o e FODR R g 2 PN 40 0 2R 6 o i DL 1) ST i e
2 — AR g R T, 2 4 A R E
2.1 B ErxF OB B R B 3h 9T 32 L TR VI BR
NE. HURERBGEFRBRFRNGIFLEZ —, &
A2 R 30%~60% " T HUIR 25 R B KN A L
2K RIREE T A S 5050k L2 547 HOR IR X
Gy, AR R AN BR , 23 R 5 BT I Bk A R 55
BRI RE VSR, R R A AR T R

24 A Al B TR R OBR 55 B B R rp s g oK R T
52 3 AR 2K 9 R B T G 3 FOIR 55 R A 20N B IR
Ji B 5 |3 DX sk A bk B 5 e ol 2 T PRI 55 R R 2
Y fe R HOIR 55 B AR 5 5 R IR Bk 1 45 X )L A
ANRE S A IR I 4l 211X 43 30 B AF I8 R 5 R i o
S AR HE R R 5 6 L 4 sl e TR A £ T
FFBR 55 iR 2 0k s G UR W 0, AR 4 £ 2 1EA T 2 1, {HL B O
22 B AF 9T 2 B, e B FROIR 55 R 41 2 5 e R £
I 1E 8 FFOIR 55 MR 4 200 e R ARAIR . Ik, B AT I
PR IS A 32 8 T A 1A IR 2 00 00 A7 KT, 77 78 55 K i
F IR

H 2006 4F & B H IR 55 B A 3 20 0 5 RGBT
AT GG, — RIS R HOR 55 IR
B F PR IR ) 5 W T, HAE 785 nm O Y BRI R &
7= A 820 nm P K A AT T A1 5, H IR 55 B 19 5 Ol
JE O S T R R AR SR A TR R B
FROCLFHEHE WO I IE TG Bl i
ICKs 2 A5 5 5 e S L AR 5, 6k B0 di R A7 Ak B T A
VB 000 2 2002 75 A OB 55 B L 20 (H E A AR T 5K
YK R G T AR HZEIAT Z 580, B IJEwk £ 5
FHARG T R A T H AR R R

B X6 24 i FE R 55 RS I O 9 R R AR SO T
— P LT L0 A F R TG HE A (R IR 55 R R AR A5 R
MRS . ARG HENE B 2 28R A% W i, {8 = A=
VB bR HORR S5 R, HLJG TR R AT R WA A0 o A
TC T T8 1 26 6 5 7, BE A A0kt 9 't i B R A A
PR B EIAVE 5 2 F AR B E] B R PR R R

2 K e RSt

2.1 #nEE

PR 35 1 41 1 28 9% K 690~780 nm Y 3T £ 4P
WS I 2 5 A RO, K 32 B4 T 820 nm Fff
P R 5 R A 200 2 i B B ORI K
JEV PRI A 40 3 ok % ' TR IR 55 R B Rl A 2
5k 20 207 820 nm i 4 B I A %€ St 5 B AL, T K I
W20 22 15 kg FAR S5 IR A 4L

HR P b A AG 0 S B35 T T — ol B R 5 R R &R
g, mE TR . R e LK R 765 nm (1) &b

£ 605 F 6H/2023 F3 H/HMAESBFFHE

compumr G E

near infrared |
camera
lens .
emission filter ¢
S o @
light source '-
module =

. _._':"!

excitation light W constant current control module
o HERE ey

tissue

—

K1 RGRER
Fig. 1 System diagram

TR (LED)AE iy ARG RO, B 6T &
B 3T 2T A1 6 28 5 B K U O R e BT B AR A 2L T,
ERUEEAE I SRR, Sit . Wt M =K% N0, B D2 R =8
BE B CMOS FHHL#E 1T AR WCEE |, R 4 iR o R
14.3 LP/mm. CMOS MHLET Mm% & g6, R
W H R 76K BOEE T, CMOS MUK A % 2 6t
G55 N RS A S5, T RS A LS

A6 DU B T AR ML A ] T I EE R S5 RS I A A 9
IR FAH ML ; 55 5 2R e 00 4 A 58 B, B H R 55 B A
I ASCXSF o R 000 2L 0 DX, O e N B (A5 R v i T
T8 M 5275 5 6 29 G MR A7 2R AR AL B, R T 4 (B b 10 4
N HURZE R AL 2,
2.2 BRIt

e — 3 A8 B RGO C 2 U R G KR
B, XA IERUE R TR I S 5 R A SR
F14) R M 0 Kb 2 d BRARLE T AR R LL AN O R R G
SR & R VAT D2 S = = ANT I8 oo o T R (S )
RS o i A5 LR

LED YEIR B A &6 A 58 PuE Pk e R e
PR PR R R AR R A ) A R B LA B
e H 5 B R R G Mo LEDGIRH T4
A A Y TR A2 9 1 ], 5 B A ' VR A it 0 2 A R 1)
WA A VERR AL E TGS . Wk, AR
GLvk P LED AR M i & 6 IR, LED Hob I K 765 nm,
el 4580 24 nmo A EDOE TR HLE S E CMOS #5148
3k v, PR3 B R FHERR T, 20 4~ LED 48 B 7E 2R
e W B A IF B 51 HEF |, e 08 A 20 b 8 S o i T . AR
8 ) e W MG 3 R K B G R A e T
R E D B I R A R UE O R R SRR . Wk
6 UE G F I BE S 740~780 nm, JE R 5 & 4% TR L %
M A DE L, B F 0 U5 Al s , 38 22 B i &k 66
Bl . & 51638 By 800 nm Ik Be a1k 9B OE H L 5

0617003-2



CMOS ML K P42 A UL L, & F CMOS M AL A i
FHF uE bR 2N K LED 0% % .

U5 BK Bl L % — 43 1 O 9K 3l FE R SR B, 5 &
B LED £k 22 F8 2 JE etk 0, B LED W 35 19 H R
A AR /N B A8 Ak Bk e S B0 LED B9 H R & A2 AR K i AR
b, WA B E b, 38 RO 3R B B (LM 3464, 78
AL AR ) BT LED B9 E R IR 3 . LM 3464 #4385 B
AR T8 B Fi TS L, BE 08 9K B K TSR LED, i A
HL R [ 6~30 Vo il 2 15 RS % SR A FLBEL, T LA
WETH T, RN 700 mA W R OGTR A E 700 mA Y
weit . IR AT S i DIM i 5 3 5 6 ARG E , SE 3 LED
B FF G ASEHULIE G K FE U8 ) (PW M) DG S D RE . o
RN E A LED JF % A SR R4, BA AR & 9 3K 3 3%
o GTRIK S L A & 2 BR .

Vin
o
LM3464
£ Mo
DR1
PWM
== b GD1 = da1
SE1
z
& [Jr
L v
GND PGND

K2 eI s iR & 1A

Fig. 2 Schematic of light source drive circuit

2.3 RGEMEBEENSH
15 W be 2 PEAL G 5T 5 19— Fh i HF8 45 L 5 1 L
A 50 K, PRI 1 o T T b, DA LR AR 5 Lok A,
15 M b 1) KM R E KGR 5 i 21k = X 4 B
G S RO ) TSR, M M LB R T 20
B 75 A AR R A R
AR GRS 5 Y 51 ShR R 25 0
H AR AKX R
1 <y

mean P 1

=y (1)
2

_\/N 1 *l 7Imeanl) ’ (2)

Rsy= 20log i (3)

o
A e W PCAT T PIH 5 0 MR FTARIUEDE s R AR
WL N R BBGP, NSRRI
5 LR B &R IR TR X H AR S i
i FE HEAT B AL, BE EDUL ML R W il AR AR 5 5 2 AT R
B REE 2 b o 5 LE IR E O RS R bR B 2 2%

£ 605 F 6HI/2023E3 A/ MAEBFEHE

B G (W EC AL 09 41 F 57 LB
E’JETX&%EE% é[ J‘;"“H:j(ﬂigﬁj- 19] 2'—

%HJJI:E%OIUF Hird 8 5 IEW AR X TF . FTT
R AIFAS W)
BN
ImeemZZN i:]Pz' ’ (4)
N
ImeanSZM ;71P1 s (5)
Ry = Lo (6)

At Lene BRI T BIE 5 Ly B 55 T BIME R
FFETFF .
2.4 EfRiEE
T AE GRSt B v i 4 O R i o 7R
JC A B 1) 5 B 25 %o (RIS B AR RIOR 77 A AN TR 7R
JE B 52 ) DR 17 75 0] SR 4R 1 UGG AT IR i A B
15 e 2 R IR BB AE T Hriionl . 1 il i 4 vk AR
e, B = HAR T 5 986 0m B 5 P O R AL 3, 1 0
ER N R I R S S St WibN KRNV E S
A AT HEUGR I o K B PR R B R R T
JEE TR G0 WA R 8, SR 2 % e B B R B L 35 A
JEE SR AR AT 5 398 i T 5 A ) i 2 BIRE R R 1Y IX B
Xfttf“i‘jt 1 S Ath, DX B P X L R 4, A X 0 A JR
LR IR DX, 38 R 2 MR AR A K BEYE LR #
[O 255] . M s R B R BEJa L R La, 0], 22 4 5 8]
BWIKEY B [c,d]:
g(x,y):zli:[]%x,y)*a}Jrco (7)
B T AT R PG A R ) AR B L AR, 1 %
8 R B 0N 28 51 B Ry BURR, B 551 B8 0 IR 5 5 £R
AL FR AT DUA 5 46 BEDE B A5 8, (075 Dt ER 04 4
WM SN, B RE S B 5 R0 . X TR
PG, 3 B it I R IR Y 45 S AN ) K 38 20 4 R 2k
PR B Al 22 P 1 e S R 0 e A (] 658 38 1A, DA T
PAFR AL R ot R B E, Hir 25 HA 2 4K
Sy FESE T, WoRBOR AL

3 SLERER I

3.1 RGN

W] e 755 2 (ICG ) S — Fh TG B K 5 Pk 1 9 e ekl
fENs SR E AL A EIT L AMDE ST, & Sk K
1 810~830 nm™*, H 5 HR 55 MR 09 3 K 986 I K 1%
I, A EE TCG B B v B AR (5 A T LI ASE UL 4% 41 40
Y AN 7] 26 S o 5, a0 17T 36 T 2R 498 X6 AN ) 2 e ik B i R
BB 5 e

ABEFE B ICG AR 1R T2 ICG 5 1l 1 88
F 4% B8AS [R] b ) e o T AR . AR R ICG %5 9 T Y R
PE T B TCG BB v B IR W 5 3R N BB — 22 = Y
ICG M K I T X8 7K AE R EW ;5 3R

0617003-3



£ 60% F6H/20234F 3 B/HERBTFEHE

[N AN i W= I T < ) =l s |
ICG # B I A& A KA # oK AR &, R e ik

1CG powder
weilghing dilution

deionized water dissolution,

-

shake and mix

DR 2] o BRARWURE AN AT 3 TR de 2 R B vk B A

E R

(- )

| U =R

add albumin, physiological saline shake and mix

3 TCG W Ay 1< i 412 it 7

Fig.3 Production process of ICG solution phantom

F1 ICG IH RS E iR ik

Tablel ICG solution gradient mass concentration

Solution No. Mass concentration /(mg-dL™")
1 0.01
.02
.03
.04
.05

0
0
0
0
0.06
0
0
0
0

.07
.08
.09
.10

© 00 NN > Ul R W N

—_
(=)

Fie RS A Wk B AR B 57 L 8 TC.G s WD SR IR
AR A b s R R SR T 3d AT BRI AE L R ST
6 cm X6 cmX 0.6 cm, & KM L7 B . FTHFH
RFIRVUN ARG, ERESE I RGE MR A G
PR AVE A5 B A TR AT LA, S v o437 Y I SR B
EHER, IF AT BB AL B 3 A o SRR WG an 5] 4 (a)
J7N o

3 SR B BT i RV VR R R A K T TR R B
1B, I X BOHE AT 40 7 Ab B, TCG 3 2 B A Bl 1CG i
(a) Graly.\;slbxe (h)
Cr140 = Hluorescence ue A~
200 §120 B, va;//
Emu- yd
150 8 s
100 gm //(
Eﬁ]ﬂ ,//
50 P
90} «
0 0 0.02 004 006 008

Mass concentration /(mg+ d[ ')

B4 ICG I BURR S PO AL . (a) 1CG I HURIR 5 (b)
DGR 5 1CG R e I 1 R

Fig.4 1ICG solution imaging and fluorescence value change. (a)

ICG solution imaging diagram; (b) relationship between

fluorescence intensity and ICG mass concentration

R R AR AR T AR Ak 1 B B 4 (b) B o il ad
& 4(b) Al &t « b & 1CG 3 W 0T Wk B 9 35 L 1ICG
VS 1 o S0 B AR S G N, I 5 ICG i
JUT g e B B OE AH O A O R Bk r=0. 999,

X AN 5] J5 2 VA 3 5 VR 1 15 M B (SNIR) 2R 47 40 T
g AN 5(a) BT s o SNR B 7 005 5 W T+ 5 %
Wit TR BT A W SNRE Y & T 20, B8
% W 2 R B T oK o AN ) R ICG R R
B (SBR) WA 5(b) firzis , Bl 25 95 W 5T 4t TR B AN T I
T, 1~10 5 W 095 15 g i b H 2k AH ¢ A1 ¢
ZBOCH r=0.999, 1T 1.2 5 W05 630 B AR,
HESEWAERIXEAKR, 1 25ERET KT 3
SUSW N 35 W I I K TR LAY A8 3, %) 20
IS UE T A RGEX AR 9 00 B R E 5 2 AT BoR Y
TR

Y@ 7% 125y SBR
4 AN 5 .rz(!.;!%!),)
e
40 8 .
] ™ =
Z35 =6 o
w ]
L 1 //,
25 at ‘/”
20

002 004 006 008 010
Mass concentration /(mg-dL-")

0 002 004 006 008 010 O
Mass concentration f{mg-dL ")

K5 RGEMERITEM . (a) 58 IS 1CG i b ¥k i
(b) {575 L 5 ICG i ok B 1) O 3

Fig.5 System performance evaluation. (a) Relationship between

(PSS

SNR and ICG mass concentration; (b) relationship

between SBR and ICG mass concentration

3.2 REAEMMERIT
3.2.1 R EB

AR S 55 P4 9 A1 2007 1A 32 28 vl 28O 50 (B i Y
ICG W) SR (AR EK) WIS (AR 2T 8 )
T N K $2 BEAS [ B A9 il V8 T e 2 405 AR A
A BE 6 pr s FRIUSE = 4 33,3 mg A AR B TR
Uk 10 mL B0 9, IR AGE 2 25 8 7K, TR e Pk

0617003-4



£ 605 F 6HI/2023 F3 H/HMAESBFFHE

iR 5T FRHK 20 mg AR AR Bk (RS 0L 2H LRI R ) A
10 mg Ifi 21 8 F (L0020 2O 0 3 80 70 3l B T B 0 A
P IG5 B 1K, T e v TR 20 5 % BT T
TR R K Bl BB D 90 °C; R BIR Rl AL IS

weighing (agar, deionized water dissolution

titanium dioxide, albumin)

molding and cooling

IR TCG 3 — A AL BRI W I 2138 ¥ 7K
JEH T IR 57 R 50 5 F I I 5 L B SR IR 4 £
BE A 5 8 5 A 9O B9 O A A B AN 5 9O 9
{LNCERS

I Tomm w)
shake and mix heating

add absorbent, scattering agent

K6 AU ARG R AR

Fig. 6 Tissue phantom production process

Bi s T RE T, FRTIF RS, WE RS
B0, IR 22 G0 LA B 3 A L AR R AR
M H A7 T 40 B v e (5 o I SR R 0 R 5T KGO E
At . 5y BRI 7 f L ] 7 (a)
R IR AR 15 7(b) S B 7 (a) 48 4 M Ak 3145 3] 1) 5]

@ (b)

BB 7(e) i 7(h) 2 PR Ak B Fe 28 19 R AR
D5 RS2 0 45 3 7R, A 22 48 RE A8 41l 4R 9 't 17 1A 45 5 O
AR 7, 28 AR 3G R A BRS O6 WoR ROR E U R iR
ol JBE R

© 9

7 B A RS f A AR R

Fig.7 Phantom imaging effect after image processing

3.2.2 MBEHRBIE

H T — A B R GE AR FOIR 25 B R B0 O e B el
T, 0 00 ek B A HCRR 55 i L FE R R B B I 41 2L A7
DA, bR A SR { BUR 5 % 75 09 9 B AR AR (AR BF 5
Bl ot R R KR — M B R B B B A
fE i, No. PJ2021-12-10) o ¢ FHMR 55 B HOR AR IR Wi
HEVE T HAR SRR R T T R G601, I
A £ I fof 75 1 T Y AT , AT PR OR SR AL R 25 SR K] 8
im. EHRFRIVMNAZET HRFRELOD

R, 5 HUIR R IR 4120 1X 20 B R, W 8 (a) TR 5
1 3 G AR O T SR X S B AR LSO A, H
AR 55 MR e G T H M4 2L 15 LA L fn &l 8(b) i
N IR MR 35. 234 515 LM 3. 32, 4 R ALk eV
W S HCER WIS B RF A AR P R R . e IR
55 MR b 7SS HOROMR 4 2Lk AT % R A A
5mm LN HLE BT, R G A HEI 2 R o
Ji , ELRE WS 2 AR R B E T AR R T
X FPR 55 R A0 1R o

0617003-5



£ 605 F6H/2023E3 A/HAESBFEHERE

4

4
Zh

1.0

thyroid

parathyroid gland

sl BB

K8 b MR HEURMEEE R () B

Color depth  (b)

100

Fluorescence value
— b W = O g =] o ©
o o o 9 9 o o O
T T T T T T

=

80.531

8352 36.805

1

thyroid fat parathyroid gland

JeEE; (b) HRBEEIE

Fig. 8 Tissue imaging result after image processing. (a) Tissue fluorescence image; (b) mean tissue fluorescence

1w

T AL LD AP E, BT T — i AR 55 i bl

WHIRG . R GR T LA TR Kk 898, [F it
FIH CMOS A LN AL 2197 R 4R, IF 38 i 11 L
Xof SR B 1) 41 A5 UG HE AT BG4 38, 52 3 % HOIR 5%
MR BERLAL R IR ) o 3l ICG AR 07 AR AR 8L 41 21 ¢
I, BT W LR L S8, A RIE T R Gk X
820 nm % 4 i x5 6 Ay i o £ 1R P g 5 A D 1R S
B, X AR5 T o8 0% P A5 B9k 1A T S 560 90 5 T
PEAR A BAR 55 R K oA 20 21 B % HE 256 IR UE T A R
G 107 FH 1 FOBR 55 3R 0 A6 I ) Tl AT

(1]

(3]

(4]

(5]

(6]

2 % X #

Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer
incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012[J]. International
Journal of Cancer, 2015, 136(5): E359-E386.
Sitges-Serra A, Ruiz S, Girvent M, et al. Outcome of
protracted hypoparathyroidism after total thyroidectomy
[J]. British Journal of Surgery, 2010, 97(11): 1687-1695.
Marcinkowska M, Sniecikowska B, Zygmunt A, et al.
Postoperative hypoparathyroidism in patients after total
thyroidectomy-retrospective analysis[J]. Neuro Endocrinology
Letters, 2017, 38(7): 488-494.

Dedivitis R A, F T, C R.

Hypoparathyroidism after thyroidectomy: prevention,

Aires Cernea
assessment and management[J]. Current Opinion in
Otolaryngology &. Head and Neck Surgery, 2017, 25(2):
142-146.

Wang L., Yang D, Lii J Y, et al. Application of carbon
nanoparticles in lymph node dissection and parathyroid
protection during thyroid cancer surgeries: a systematic
review and meta-analysis[J]. OncoTargets and Therapy,
2017, 10: 1247-1260.

Patel H P, Chadwick D R, Harrison B 7,

Systematic review of intravenous methylene blue in

et al.

parathyroid surgery[J]. British Journal of Surgery, 2012,

(7]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0617003-6

99(10): 1345-1351.

Das K, Stone N, Kendall C, et al. Raman spectroscopy
of parathyroid tissue pathology[J]. Lasers in Medical
Science, 2006, 21(4): 192-197.

Paras C, Keller M, Mahadevan-Jansen A, et al. Near-
infrared autofluorescence for the detection of parathyroid
glands[J]. Journal of Biomedical Optics, 2011, 16(6):
067012.

McWade M A, Paras C, White L M, et al. A novel
optical approach to intraoperative detection of parathyroid
glands[J]. Surgery, 2013, 154(6): 1371-1377.

McWade M A, Paras C, White L M, et al. Label-free
intraoperative parathyroid localization with near-infrared
autofluorescence imaging[J]. The Journal of Clinical
Endocrinology &. Metabolism, 2014, 99(12): 4574-4580.
Thomas G, McWade M A, Nguyen J Q, et al. Innovative
surgical guidance for label-free real-time
identification[J]. Surgery, 2019, 165(1): 114-123.
R, Arabi N A, et al.
Intraoperative near-infrared autofluorescence imaging of
parathyroid glands[J]. Surgical Endoscopy, 2017, 31(8):
3140-3145.

McWade M A, Sanders M E, Broome ] T,
Establishing the
spectroscopy for parathyroid detection[J]. Surgery, 2016,
159(1): 193-203.

Gioux S, Choi H S, Frangioni J V. Image-guided
surgery using invisible near-infrared light: fundamentals

parathyroid

Ladurner Sommerey S,

et al.

clinical utility of autofluorescence

of clinical translation[J]. Molecular Imaging, 2010, 9(5):
237-255.

Gioux S, Kianzad V, Ciocan R, et al. High-power,
light
sources for fluorescence imaging and image-guided
surgery[J]. Molecular Imaging, 2009, 8(3): 156-165.
W%, £, £, —FpEE T HVS 8RRy F B i 5
W& VP4 7 3 [T LR RS2 244, 2002, 23(4): 80-85.
Yang J, Wang C, Wang Y F. A SNR method of
evaluating image quality based on the HVS model[J].

computer-controlled, light-emitting diode-based

Journal of Hebei University of Science and Technology,
2002, 23(4): 80-85.
MG, IMRCRR , 2 EF, 45 . — i g S PR AR A5 M L AT A



£ 605 F 6HI/2023 F3 H/HMAESBFFHE

[19]

(20]

[21]

A B EMT]. 2241, 2013, 42(4): 559-567.

Fu P, Sun Q S, Ji Z X, et al. A method of SNR
estimation and comparison for remote sensing images[J].
Acta Geodaetica et Cartographica Sinica, 2013, 42(4):
559-567.

WRE, BT, k. BT OCT MR M5 5 ¥R & 25 53 #E
S O3 A B PGB e R Oy vk ] T R OE
2020, 47(12): 1207004.

Xie C X, Gao W R, Zhang Y. Image speckle noise
suppression method based on amplitude difference
probability density distribution of OCT imaging signal[J].
Chinese Journal of Lasers, 2020, 47(12): 1207004.

Jiang J X, Keating J J, Jesus E M, et al. Optimization of
the enhanced permeability and retention effect for near-
infrared imaging of solid tumors with indocyanine green
[J]. American Journal of Nuclear Medicine and Molecular
Imaging, 2015, 5(4): 390-400.

Tummers W S, Warram J M, van den Berg N S, et al.
Recommendations for reporting on emerging optical
imaging agents to promote clinical approval[J]. Theranostics,
2018, 8(19): 5336-5347.

TRMER, SKRENEL, A, F L RTHENY RRRE
8 B0 | W % 254X B ) E S g O S 0] T EOE
2020, 47(9): 0907002.

Zhang Y Q, Zhang L. M, Zhao Z C, et al. Experimental

[22]

[23]

(24]

[25]

0617003-7

study of indocyanine green pharmacokinetics based on

adaptive extended Kalman filter[J]. Chinese Journal of
Lasers, 2020, 47(9): 0907002.

Landsman M L, Kwant G, Mook G A, et al. Light-
absorbing properties, stability, and spectral stabilization
of indocyanine green[J]. Journal of Applied Physiology,
1976, 40(4): 575-583.

SRV, AT, Kot S HAE A YOGS E A
T K HAE B IO O A bRy N AE S (0D, b O
2018, 45(7): 0707001.

Zhang Y, Ni J S, Zhang Y Z, et al. Tissue intrinsic
fluorescence spectrum recovery algorithm and its
application in diabetes screening[J]. Chinese Journal of
Lasers, 2018, 45(7): 0707001.

G SRE N 3 = s O A A S | A S o< R 4 oy = L
B ARG L i kB E [T b Ok 2021, 48(24):
2407001.

Zhang Y, He T C, Zhong W S, et al. Flow mediated
tissue fluorescence measurement system and phantom
verification[J]. Chinese Journal of Lasers, 2021, 48(24):
2407001.

Zheng S, Li H H, Lai K J,
photoacoustic and fluorescent tracking of optical dye

et al. Noninvasive

labeled T cellular activities of diseased sites at new depth
[J]. Journal of Biophotonics, 2018, 11(9): e201800073.



	1　引言
	2　检测原理及系统设计
	2.1　检测原理
	2.2　系统设计
	2.3　系统性能评价参数
	2.4　图像增强

	3　实验结果分析
	3.1　系统测试
	3.2　系统准确性验证

	3.2.1　仿体实验
	3.2.2　组织实验验证
	4　结论

